AD-E40J  70  3 


i.\| 

{JO  TECHNICAL  REPORT  ARAED-TR-87020 


NON  NEWTONIAN  LIQUID  PROPELLANT  (NNLP) 
SENSITIVITY:  PRELIMINARY  STUDIES 


P.  HUI 
A.  BRACUTI 


5»:.  AH  MV 

-  AM,  >  *1  •*  Cl.iNtll* 


U.  S.  ARMY  ARMAMENT  RESEARCH,  DEVELOPMENT  AND  ERGKEfflffi  CENHH 
ARMAMENT  ENGINEERING  DIRECTORATE 
PICATINNY  ARSENAL,  NEW  JERSEY 


APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  IS  UNLIMITED, 


The  views,  opinions,  and/or  findings  contained  in 
this  report  are  those  of  the  author(s)  and  should 
not  he  construed  as  an  official  Department  of  the 
Army  position,  policy,  or  decision,  unless  so 
designated  by  other  documentation. 

The  citation  in  this  report  of  the  names  of 
commercial  firms  or  commercially  available 
products  or  services  does  not  constitute  official 
endorsement  by  or  approval  of  the  U.S. 
Government. 

Destroy  this  report  when  no  longer  needed  by  any 
method  that  will  prevent  disclosure  of  contents  or 
reconstruction  of  the  document.  Do  not  return  to 
the  originator. 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Data  Entered) _ 

REPORT  DOCUMENTATION  PAGE  befo14Dcom?EetSgNform 

1.  REPORT  NUMBER  |2.  GOVT  ACCESSION  NO.  3.  RECIPIENT'S  CATALOG  NUMBER 


1.  REPORT  NUMBER  2.  GOV 

TECHNICAL  REPORT  ARAED-TR-87020  £ 

*.  TITLE  (and  Subtltla) 

NON-NEWTONIAN  LIQUID  PROPELLANT  (NNLP) 
SENSITIVITY:  PRELIMINARY  STUDIES 


»?r>. 


5.  type  of  report  a  period  covered 
Preliminary 

September  1986  -  April  1987 

6.  PERFORMING  ORG.  REPORT  NUMBER 


17.  AUTHORIA) 


8.  CONTRACT  OR  GRANT  NUMBERf#; 


P.  Hui  and  A.  Bracuti 


9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS  '0.  PROGRAM  ELEMENT,  PROJECT.  TASK 

ARDEC  AED  area  a  work  unit  numbers 

Energetics  and  Warheads  Div  (SMCAR-AEE-BR) 

Picatinny  Arsenal,  NJ  07806-5000 

11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS  12.  REPORT  DATE 

ARDEC,  IMD  June  1987 

STINFO  Div  (SMCAR-MSI)  ^"number  of  pages - 

Picatinny  Arsenal,  NJ  07806-5000  21 

14.  MONITORING  AGENCY  NAME  a  ADDRESS (It  dltlerant  from  Controlling  Olllca)  IsT'licURTTT^rASSrTol^iiiiTT^rt) 


_ Unclasslf ied _ 

1S».  DECLASSIFl  CATION /DOWN  GRADING 
SCHEDULE 


I  16.  DISTRIBUTION  STATEMENT  (ol  thla  Raporl) 


Approved  for  public  release;  distribution  is  unlimited. 


[l7.  DISTRIBUTION  STATEMENT  (o  I  tha  abatract  antarad  In  Block  30,  It  dll  tar  ant  from  Raport) 


IS.  SUPPLEMENTARY  NOTES 


19. I^^O^PS  (Continue  on  a!  do  If  nmcommary  and  identify  by  block  numbar) 

Jta»pNewtonian ^liquid  propellant!  (NNfLj-  RDXy 

Gel  propellantSj  (>G^  3*azidoethanol  (fArCTy 

■Liquid  propeHants j-ibP) — -  Hot;  f ragmen ts, conductive  ignition; 

LOBBr-propellants;  Impact;  sensitivity  , 

^riaminoguanidinium  nitrate  ](3Agn)  Imp^RTt  cavity,drop  test; 

aa.  ABSTRACT  (Gmittmm  1  Wfinit  aS  B  naiaaaaay  and  Idanlltjr  kjr  block  ntmtbar) 

11  Samples  of  non-Newtonian  liquid  propellants  containing  various  concentrations 
of  RDX,  TAGN,  and  TAE  tested  for  sensitivity  to  impact,  friction  and  electro¬ 
static  discharge,  and  hot  fragments  (vulnerability)  were  compared  against 
similar  test  results  obtained  from  solid  propellants  (M30  and  XM39  LOVA)  and 
liquid  propellants  (NOS  365  and  OTTO  Fuel  II).  The  data  indicated  that  high 
energy  non-Newtonian  liquid  propellants  can  be  safely  processed^  . 

C~t,C  >/. 


DO  1473  EDITION  OF  I  MOV  6S  IS  OBSOLETE 


UNCLASSIFIED 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (-Bilan  Data  Bnlarad) 


ACKNOWLEDGEMENT 


The  authors  wish  to  acknowledge  the  assistance  of  the  following  personnel 
for  their  contributions  to  this  technical  report:  K.  Wagaman  of  Naval  Surface 
Weapons  Center,  Maryland  and  E.  Walsman  of  Naval  Ordnance  Station/ Indian  Head, 
Maryland. 


i 


CONTENTS 

Page 

Introduction  1 

Experimental  1 

Impact  Test  2 

Impact  Cavity  Drop  Test  2 

Electrostatic  Discharge  2 

Sliding  Friction  Test  3 

Hot  Fragment  Conductive  Ignition  Test  3 

Results  3 

Conclusions  and  Recommendations  4 

References  11 

Distribution  List  13 

TABLES 

1  Gel  propellant  composition  and  thermochemistry  3 

2  Impact  sensitivity  test  results  6 

3  Range  of  sensitivity  7 

4  Electrostatic  discharge  test  data  8 

5  Friction  sensitivity  test  data  9 

6  Hot  fragment  conductive  ignition  test  10 


INTRODUCTION 


A  propellant  may  be  defined  as  an  energetic  material  that  will  safely  pro¬ 
vide  the  necessary  force  to  hurl  a  projectile  swiftly  and  accurately  to  a 

specific  target.  Of  the  two  goals,  safety  is  more  important  and  quite  often  a 
more  difficult  achievement.  As  a  result,  specific  laboratory  safety  tests  have 
been  devised  for  materials  which  categorize  propellants  with  respect  to  sensi¬ 
tivity  to  various  stimuli.  Materials  displaying  sensitivity  levels  that  exceed 
prescribed  "safe"  limits  can  be  either  eliminated  from  further  consideration  or 
modified  in  some  way  to  make  then  conform  to  acceptable  sensitivity  standards. 

The  purpose  of  this  study  is  to  screen  a  few  experimental  gel  propellant 
(GP)  formulations  which  are  special  types  of  non-Newtonian  propellants  for  sensi¬ 
tivity  to  impact,  friction,  electrostatic  discharge,  and  hot  fragment  conductive 
ignition  (vulnerability)  in  order  to  guide  future  formulation  efforts. 

Unfortunately,  since  no  experimental  data  base  for  gel  propellants  is  currently 
available,  sensitivity  data  acquired  from  selected  solid  and  liquid  propellants 
had  to  be  used  as  the  initial  basis  of  comparison. 

These  particular  GP  formulations  contain  two  major  ingredients,  solid 
oxidizer  and  energetic  liquid  (fuel),  and  a  minor  ingredient  which  for  conven¬ 
ience  shall  be  referred  to  as  a  gelling  agent.  In  the  course  of  propellant  pro¬ 
cessing,  one  or  more  solid  oxidizers  are  dispersed  into  the  energetic  liquid  with 
the  aid  of  a  modicun  of  gelling  agent.  The  purpose  of  the  addition  of  gelling 
agent  is  to  ensure  propellant  structure  stability-  In  a  previous  GP  study  (ref 
l),  the  selected  gel  propellants  were  formulated  with  triamt noguanidinium  nitrate 
(TAGN)  and  cyclotrimethylenetrlnitramine  (RDX)  as  the  oxidizers  and  with  either 
2-azidoethanol  (TAE)  or  bis  ( 2 ,2-dinitropropyl)  acetal-formal  ( BDNPA-F)  as  the 
energetic  liquids. 

The  referenced  investigation  demonstrated  that  GP  containing  BDNPA-F  dis¬ 
played  color  changes  during  a  six-month  storage  period  which  is  indicative  of 
potentially  unstable  properties  and  low  combustion  rates  which  did  not  meet 
targeted  requirements.  As  a  result,  BDNPA-F  was  considered  unsuitable  for  use  in 
GP  formulations  and,  accordingly,  was  eliminated  from  this  program. 

The  GP  candidates  discussed  in  the  present  study  feature  only  TAE  as  the 
energetic  liquid,  because  TAE  did  not  display  any  of  the  problems  observed  with 
BDNPA-F.  The  compositions,  energy  levels,  and  flame  temperatues  for  the  GP 
candidates  are  presented  in  table  1. 


EXPERIMENTAL 

Because  the  baseline  of  the  sensitivity  tests 'for  gel  propellants  has  not 
been  established,  the  conventional  solid  propellant  sensitivity  evaluation  tests 
were  employed  to  screen  gel  propellant  candidate.  These  tests  include  impact, 
impact  cavity  drop,  sliding  friction,  electrostatic  discharge  and  hot  fragment 
conductive  ignition  tests.  Impact  testing  was  performed  by  both  the  laboratories 
of  the  Army  at  ARDEC,  Picatinny  Arsenal,  NJ  and  the  Navy  Safety  Office  at  Naval 
Ordnance  Station  (NOS),  Indian  Head,  MD.  The  hot  fragment  conductive  ignition 
test  was  conducted  at  ARDEC.  All  other  tests,  including  the  impact  cavity  drop, 
sliding  friction,  and  electrostatic  discharge  were  performed  at  NOS. 


Impact  Test 


The  Impact  sensitivities  of  several  GP  samples  were  measured  by  a  standard 
technique  in  order  to  compare  the  results  with  values  obtained  with  reference 
energetic  materials.  Impact  sensitivity  is  defined  as  the  minimum  impact  energy 
required  to  ignite  a  propellant  or  explosive.  In  general,  it  is  measured  in  the 
laboratory  by  determining  the  minimum  distance  a  given  weight  must  fall  onto  an 
energetic  material  to  induce  ignitions. 

At  ARDEC,  testing  was  conducted  with  an  Explosive  Research  Laboratory  (ERL) 
type  12  impact  tester,  which  uses  a  2.5-kg  steel  drop  weight  and  a  30-mg  sample 
placed  on  sand  paper  positioned  between  two  steel  anvils.  The  drop  height 
corresponding  to  30%  probability  of  initiation  measured  by  means  of  the  Bruceton 
up-and-down  method  is  used  as  a  measure  of  impact  sensitivity.  The  criterion  for 
initiation  was  the  observation  of  either  burning  or  deflagration  upon  impact  of 
the  sample.  A  detailed  description  of  the  apparatus  is  contained  in  reference  2. 

Although  the  NOS  Safety  Office  employs  a  similar  technique  for  the  impact 
test  with  the  Drop-Weight  tester,  there  are  specific  differences  such  as  a 
heavier  drop  weight  (5.0  kg)  and  a  smaller  sample  size  (20  mg).  The  data  are 
reported  as  the  minimum  drop  height  required  to  produce  three  successive  initia¬ 
tions.  A  description  of  the  apparatus  is  contained  in  reference  3. 

Impact  Cavity  Drop  Test 

Impact  cavity  drop  testing  was  also  performed  by  NOS  using  a  similar  tech¬ 
nique  in  which  a  0.03-ml  sample  was  placed  in  a  cup  rather  than  on  sand  paper 
positioned  between  two  steel  anvils.  In  this  case,  2.0-kg  drop  weight  was  sub¬ 
stituted  for  the  5.0-kg  one.  The  test  results  were  reported  as  the  drop  heights 
at  which  initiation  is  50%  probable.  In  this  test,  propellants  are  initiated  by 
a  complex  compression  mechanism  involving  propellant  pressurization  rate,  heat 
transfer,  thermodynamic  gas/liquid  properties,  and  hydrodynamic  properties. 
Although  the  significance  of  this  test  is  not  fully  understood,  it  is  a  useful, 
simple,  and  rapid  laboratory  tool  to  compare  the  sensitivities  of  nonsolid  pro¬ 
pellants  on  a  relative  scale.  The  test  method  and  procedures  used  in  this  test 
are  employed  and  recommended  by  the  majority  of  the  liquid  propellant  community 
as  a  standardized  test  technique  (ref  4). 

Electrostatic  Discharge 

The  electrostatic  sensitivity  tests  performed  at  NOS  determine  the  minimum 
electrostatic  discharge  energy  required  to  ignite  the  sample.  This  is  accom¬ 
plished  with  an  approaching  electrode  apparatus  in  which  electrostic  energy  is 
stored  in  a  capacitor  connected  to  the  electrode.  The  capacitor  is  allowed  to 
discharge  into  the  sample  at  varying  energy  levels.  The  minimum  electrostatic 
energy  required  to  achieve  ignition  is  then  determined.  If  any  evidence  of  com¬ 
bustion  is  observed  such  as  the  generation  of  smoke,  flame,  odor,  or  noise,  the 
test  is  considered  positive.  Discharge  energy  is  then  adjusted  until  20  consecu¬ 
tive  positive  tests  can  be  achieved.  A  detailed  description  of  this  apparatus  is 
contained  in  reference  3. 
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Sliding  Friction  Test 


The  sliding  friction  sensitivity  test  (ref  3)  determined  the  minimum  fric¬ 
tional  energy  required  to  ignite  propellant  samples.  In  this  test  procedure,  a 
50-mg  sample  is  placed  between  a  block  and  a  wheel  that  is  attached  to  a 
hydroulic  ram  which  adjusts  the  force  on  the  sample  surface.  A  pendulum  of 
selected  weight  is  then  allowed  to  strike  the  end  of  the  block  which  causes  the 
wheel  to  roll  over  the  sample  with  a  known  frictional  force.  The  maximum  fric¬ 
tional  force  is  then  determined  and  can  be  applied  to  the  sample  without  causing 
decomposition. 

Hot  Fragment  Conductive  Ignition  Test 

Hot  fragment  conductive  ignition  (HFCI)  tests  were  performed  to  compare  the 
relative  vulnerability  of  the  samples  to  ignition  by  an  imbedded  hot  steel  frag¬ 
ment.  This  test  was  developed  by  the  Ballistic  Research  Laboratory  as  an  experi¬ 
mental  technique  to  screen  new  propellant  formulations  for  vulnerability.  The 
results  give  a  crude  approximation  to  the  large-scale  vulnerability  test  such  as 
shaped-charge  jet  generated  spall  test  which  simulates  one  of  the  principal 
threats  faced  by  tank  systems  during  combat  (refs  5,  6,  and  7).  The  HFCI  test 
was  designed  to  model  the  conductive  ignition  from  spall  and  to  obtain  a  quanti¬ 
tative  measure  of  a  propellant's  susceptibility  to  ignition  stimuli. 

In  this  test,  a  steel  ball  is  heated  in  a  tube  furnace  to  preselect  tempera¬ 
ture  and  then  dropped  onto  a  propellant  bed  (approximately  10  grams)  housed  in  a 
small  glass  beaker  maintained  at  ambient  conditions.  The  response  of  the  propel¬ 
lant  to  this  external  stimuli  is  determined  by  observing  if  ignition  occurs.  The 
temperature  is  then  raised  or  lowered  by  a  25°C  increment  depending  on  the 
response  of  the  propellant.  The  test  is  iterated  until  the  transition  between 
ignition  and  nonignition  is  defined.  Four  fragments  ranging  from  0.43  g  to  3.30 
g  were  selected  in  this  test  to  cover  the  spectrum  of  spall  sizes  most  commonly 
generated  by  shaped  charges. 


RESULTS 

Impact  sensitivity  data  for  GP  samples  tested  at  ARDEC  (lots  7117  and  7117A) 
and  at  NOS  (lots  7136,  7137,  and  7138)  (table  2)  reveal  that  all  the  GP  samples 
are  less  sensitive  to  impact  than  their  referenced  counterparts.  In  fact,  the 
NOS  tests  indicate  that  the  GP  impact  sensitivities  equal  or  surpass  the  sensi¬ 
tivity  limit  (600  mm)  of  the  NOS  impact  sensitivity  device.  Based  on  the  NOS 
impact  sensitivity  guidelines  (table  3),  GP  samples  (lots  7136,  7137,  and  7138) 
should  be  classified  as  having  the  lowest  impact  sensitivity.  The  other  lots 
cannot  be  ranked  on  this  scale  because  they  were  not  tested  under  the  same  condi¬ 
tions  (5.0  kg  drop  weight).  However,  all  GP  samples  are  significantly  less 
sensitive  than  RDX  and  high  energy  LOVA  propellant  as  indicated. 

Impact  cavity  drop  test  data  (table  2)  indicate  that  the  tested  GP  samples 
(lot  7136,  7137,  and  7138)  are  all  in  the  low  sensitive  region  (table  3)  and  half 
as  sensitive  to  impact  than  the  known  liquid  propellant  (LP)  Otto  Fuel  II. 
Therefore,  based  on  the  results  of  the  impact  and  the  impact  cavity  drop  test,  it 
is  suggested  that  gel  propellants  are  insensitive  to  impact  and  are  safe  to 
handle  in  the  propellant  processing. 
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The  electrostatic  discharge  data  (table  4)  Indicate  that  50-mg  samples  from 
lots  7136,  7137,  and  7138  required  8.75,  6.25,  and  2.75  joules,  respectively,  to 
achieve  Ignition.  These  values  fall  within  the  NOS  low  electrostatic  sensitivity 
range  of  1.125  to  12.55  joules  (table  3)  which  suggest  along  with  those  values 
previously  reported  (ref  1)  that  no  extreme  electrostatic  hazard  exists  in  pro¬ 
cessing  these  gel  propellants. 

The  data  for  friction  sensitivity  (table  5)  indicate  that  GP  samples  7136, 
7137,  and  7138  all  fall  within  the  low  friction  sensitivity  range  (750  to  1000 
lb)  with  sliding  friction  values  greater  than  980  lb  which  is  also  the  upper 
limit  of  the  NOS  friction  testing  device. 

The  vulnerability  data  (table  6)  comparing  gel  propellants  with  M30  and 
standard  LOVA  XM39  solid  propellants  and  NOS  365  and  HAN  1845  liquid  propellants 
indicate  that  all  gel  propellants  tested  were  less  sensitive  than  M30.  GP 
samples  7121A,  7136,  7137,  and  7138  were  less  vulnerable  than  XM39  LOVA  and  com¬ 
parable  to  NOS  365  and  HAN  1845  liquid  propellants  while  the  remainder  were  more 
vulnerable  than  XM39  LOVA  and  the  liquid  propellants. 


CONCLUSIONS  AND  RECOMMENDATIONS 

Although  the  data  in  this  report  are  by  no  means  comprehensive,  the  impact, 
friction,  and  electrostatic  test  results  do,  however,  suggest  that  highly 
energetic  gel  propellants  can  be  fabricated,  processed,  and  handled  safely.  In 
addition,  the  vulnerability  data  indicate  that  highly  energetic  propellants  of 
this  type  may  well  serve  as  high  energy  substitutes  for  solid  LOVA  propellants. 

Future  studies  should  include  an  investigation  of  the  effect  of  oxidzer 
particle  size  on  GP  sensitivity  and  a  comprehensive  investigation  on  the  effects 
of  different  gelling  agents  on  GP  properties. 

Finally,  testing  techniques  for  nonsolid  propellants  (LP/GP)  should  be 
standardized  and  the  results  normalized  to  a  meaningfuL  standard  scale. 
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Table  1.  Gel  propellant  composition  and  thermochemistry 


Table  2.  Impact  sensitivity  test  results 


ARDEC 

NOS 

Lot 

2.5  Kg  Wt* 
(mm) 

5.0  Kg  YTt  * 
(mm) 

Cavity  Drop 
2.0  Kg  Wt* 
(mm) 

RDX  (CL-E) 

230 

150 

— 

HE  LOVA  II 

448 

300 

— 

OTTO  II 

— 

— 

105 

7117 

807 

— 

— 

7117A 

780 

— 

— 

7136 

— 

600 

239 

7137 

— 

>600 

304 

7138 

— 

>600 

208 

♦  Height  at  which  initiation  is  50%  probable 
**  Lowest  height  yielding  3  consecutive  positive 


Table  3.  Range  of  sensitivity 


Table  4.  Electrostatic  discharge  test  data 


Lot 

Dis  chaise 

Energy  @  5  ICV 

Sensitivity 

Range 

(joule) 

7136 

8.75 

Low 

7137 

6.25 

Low 

7138 

2.75 

Low 

8 


Lot 

7136 

7137 


Table  5.  Friction  sensitivity  test  data 


Sliding  Friction 
©  8  ft/sec 
(Lbf) 

>980 

>980 


Sensitivity 


negative 

negative 

negative 


7138 


>980 


Table  6.  Hot  fragment  conductive  ignition  test 


T 


FRAGMENT  WEIGHT  (g) 

3.50 

288 

463 

363 

413 

438 

588 

488 

488 

2.03 

« 

P5 

P 

H 

-U 

05 

H 

1^ 

313 

563 

388 

438 

488 

638 

538 

688 

1.03 

W 

H 

O 

i—t 

H 

M 

o 
1— 1 

338 

663 

463 

488 

713 

788 

738 

763 

0.43 

363 

788 

488 

538 

>800 

>800 

>800 

788 

LOT 

M30 

LOVA  STD 

7117 

7117A 

7121A 

7136 

7137 

7138 

05 

K 

U 


05 


ta 

CL, 


W 

o 


E- 

D 

O 

5 

H 


10 


REFERENCES 


1.  Hui,  P. ,  Bracuti,  A.  J.  ,  and  Chiu,  D. ,  "Fundamental  Studies  on  Experimental 
Nonnewtonian  Liquid  Propellant  (NNLP) 1986  JANNAF  Propulsion  Meeting,  CPIA 
Publication  455,  Vol.  I,  pp.  137-147,  August  1986. 

2.  Walker,  G.  R. ,  "Manual  of  Sensitiveness  Tests,"  (AD-824359)  TTCP  Panel  0-2 
(Exlposives) ,  Canadian  Armament  Research  and  Development  Establishment, 
Valeartier,  Quebec,  Canada,  February  1966. 

3.  Wright,  K.  0. ,  and  et  al.  "Preliminary  Hazards  Analysis  for  the  Twin-Screw 
Extruder  Facility,”  1HSP  86-214,  Naval  Ordnance  Station,  Indian  Head,  MD,  May 
1986. 

4.  "Drop-Weight  Tests,  Liquid  Propellant  Test  Methods,  Test  Number  4,”  JANNAF 
ICRPG  Working  Group  on  Liquid  Propellant  Test  Methods,  CPIA  Publication,  May 
1964. 

5.  Gerri,  N.  J. ,  "Vulnerability  Assessment  Methodology  for  Candidate  LOVA 
Propellants,"  Proceedings  of  the  1980  JANNAF  Propulsion  System  Hazards 
Subcommittee,  CPIA  Publication  330,  December  1980. 

6.  Wise,  S.  ,  Rocchio,  J.  J. ,  and  Reeves,  H.  J. ,  "Propellant  Binder  Chemistry  and 
Sensitivity  to  Thermal  Threat,"  Proceedings  of  the  1980  JANNAF  Propulsion 
Systems  Hazards  Subcommittee  Meeting,  CPIA  Publication  330,  December  1980. 

7.  Law,  H.  C.  and  Rocchio,  J.  J.  ,  "The  Hot  Fragment  Conductive  Ignition  Test:  A 
Means  of  Evaluating  Propellant  Vulnerability  to  Spall,”  1981  JANNAF 
Combustion  Meeting,  October  1981. 


DISTRIBUTION  LIST 


Commande  r 

Armament  Research,  Development 
and  Engineering  Center 
U.S.  Army  Armament,  Munitions 
and  Chemical  Command 
ATTN:  SMCAR-MSI  (5) 

SMCAR-AEE  (3) 

SMCAR-AEE-BR,  D.  S.  Downs 

A.  J.  Beardell 
Y.  Carignan 
P.  Hui  (10) 

A.  Bracuti  (5) 
SMCAR-ARR-WE,  C.  Knapp 

M.  Kirshenbaim 
T.  Dolch 

SMCAR-SFS 

SMCAR-FSD 

Picatinny  Arsenal,  NJ  07806-5000 
Commander 

U.S.  Army  Armament,  Munitions 
and  Chemical  Command 
ATTN:  AMSMC-GCL(D) 

Picatinny  Arsenal,  NJ  07806-5000 

Administrator 

Defense  Technical  Information  Center 
ATTN:  Accessions  Division  (12) 

Cameron  Station 
Alexandria,  VA  22304-6145 

Director 

U.S.  Army  Materiel  Systems 
analysis  Activity 
ATTN:  AMXSY-MP 

Aberdeen  Proving  Ground,  MD  21005-5066 
Commander 

Chemical  Research,  Development 
and  Engineering  Center 
U.S.  Army  Armament,  Munitions 
and  Chemical  Command 
ATTN:  SMCCR-MSI 

Aberdeen  Proving  Ground,  MD  21010-5423 
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Commander 

Chemical  Research,  Development 
and  Engineering  Center 
U.S.  Army  Armament,  Munitions 
and  Chemical  Command 
ATTN:  SMCCR-RSP-A 

Aberdeen  Proving  Ground,  MD  21010-5423 
Di rector 

Ballistic  Research  Laboratory 
ATTN:  AMXBR-OD-ST 

Aberdeen  Proving  Ground,  MD  21005-5066 
Chief 

Benet  Weapons  Laboratory,  CCAC 
Armament  Research,  Development 
and  Engineering  Center 

U.S.  Army  Armament,  Munitions  and  Chemical  Command 
ATTN :  SMCAR-CC  B-TL 

SMCAR-LCB-DS,  A.  Graham 
Watervliet,  NY  12189-5000 

Commander 

U.S.  Army  Armament,  Munitions  and 
Chemical  Command 
ATTN:  SMCAR-ESP-L 

SMCAR-IRC,  G.  H.  Cowan 
SMCAR-LC 

SMCAR-LEM ,  W.  D.  Fortune 
R.  Zastrow 
SMCAR-SF,  L.  Smith 
Rock  Island,  IL  61299-6000 

Director 

U.S.  Army  TRADOC  Systems 
Analysis  Activity 
ATTN:  ATAA-SL 

White  Sands  Missile  Range,  NM  88002 
Director 

Ballistics  Research  Laboratory 
U.  S.  Army  Laboratory  Command 
ATTN:  SLCBR-IB ,  I.  May 
SLCBR-TSB-S 

Aberdeen  Proving  Ground,  MD  21005-5066 
Commander 

U.S.  Army  Materiel  Command 
ATTN:  DRCSF-E,  Safety  Office 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 
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Chairman 

DoD  Explosives  Safety  Board 
Room  856-C 
Hoffman  Bldg  1 
2461  Eisenhower  Avenue 
Alexandria,  VA  22331 

Commander 

U.S.  Army  Training  and  Doctrine  Command 
ATTN:  ATCD-MA,  Maj  Williams 
Fort  Monroe,  VA  23351 

Office  of  the  Under  Secretary  of  Defense 
Research  and  Engineering 
Washington,  DC  20301 

Headquarters,  Department  of  the  Army 
ATTN:  SAUS-OR,  D.  Hardison 
Washington,  DC  20301 

Headquarters,  Department  of  the  Army 
ATTN:  DAMI-ZA 
DAMI-CSM 
SARD 

Washington,  DC  21310 
Commander 

U.S.  Army  Tank-Automotive  Command 
Warren,  MI  48090 

Project  Manager 
Tank  Main  Armament  Systems 
ATTN:  AMCPM-TMA,  K  Russell 
AMCPM-TMA-105 
AMCPM-1 20 

Picatinny  Arsenal,  NJ  07806-5000 
Project  Manager 

U.S.  Army  Tank-Automotive  Command 
Improved  TOW  Vehicle/Fire  Support 
Team  Vehicle 
ATTN:  DRCPM-ITV 
Warren,  MI  48090 

Commandant 

U.S.  Army  Infantry  School 
ATTN:  Infantry  Agency 

Fort  Benning,  GA  31095 

U.S.  Army  Armor  and  Engineer  Board 
ATTN:  STEBB-AD-S 
Fort  Knox,  KY  40121 
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Commandant 

U.S.  Army  Aviation  Center 
ATTN:  Aviation  Agency 
Fort  Rucker,  AL  36362 

Project  Manager 

U.S.  Army  Tank-Automotive  Command 
M60  Tanks 

ATTN:  DRCPM-M60-T 
Warren,  MI  48090 

Commander 

U.S.  Array  Logistics  Management  Center 
Defense  Logistics  Studies 
Fort  Lee,  VA  23801 

Commander 

U.S.  Army  Mobility  Equipment 

Research  and  Development  Command 
ATTN:  DRDME-WC 
Fort  Belvoir ,  VA  22060 

Program  Manager 
Ml  Tank  System 

U.S.  Army  Tank-Automotive  Command 
ATTN:  DRCPM-GCM-SA,  J.  Roossten 

Warren,  MI  48090 

Commander 

U.S.  Army  Mobility  Equipment  Command 
4300  Goodfellow  Blvd 
St.  Louis,  MO  63120 

AFFDL 

ATTN:  TST-Lib 

Wright-Patterson  AFB ,  OH  45433 
AFATL 

ATTN:  DLYV 

Eglin  AFB,  FL  32542 

Chief  of  Naval  Materiel 
Department  of  the  Navy 
ATTN:  J.  A.  Amlie 
Washington,  DC  20360 

Commander 

Naval  Air  System  Command 

ATTN:  NAIR-954  Technical  Library 

Washington,  DC  20361 


X. 
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Strategic  Systems  Project  Office 
Department  of  the  Navy 
Room  901 

ATTN:  J.  F.  Kincaid 
Washington,  DC  20376 

Commander 

U.S.  Naval  Surface  Weapons  Center 
ATTN:  Code  G33,  J.  L.  East 

Code  DX-21  Technical  Library 
Dahlgren,  VA  22448 

Commander 

U.  S.  Naval  Weapons  Center 
ATTN:  A.  T.  Nielson 
Info  Sci  Div 
China  Lake,  CA  93555 

Chief,  Naval  Research 
ATTN:  Code  473,  R.  S.  Miller 
800  N.  Quincy  Street 
Arlington,  VA  22217 

Project  Manager 

U.  S.  Army  Tank-Automotive  Command 
Fighting  Vehicle  Systems 
ATTN:  DRCPM-FVS 
Warren,  MI  48090 

Commanding  General 

0.  S.  Army  Armor  Center  and  Fort  Knox 
ATTN:  ATZK-CD-MS,  M.  Falkovitch 
Fort  Knox,  KY  40121 

Director 

U.  S.  Army  Materials  and  Mechanics 
Research  Center 
ATTN:  DRXMR-D 
Watertown,  MA  02172 

Commandant 

U.  S.  Army  Special  Warfare  School 
ATTN:  Rev  &  Tng  Lit  Div 

Fort  Bragg,  NC  28307 

ADTC 

ATTN:  DLOSL  Tech  Library 
Eglin  AFB,  FL  32542 
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AFRPL 

ATTN:  B.B.  Goshgarian 

Technical  Library 
D.  Thrasher 
N.  VanderHyde 
Edwards  AFB,  CA  93523 

AFSC 

Andrews  AFB 
Washington,  DC  20331 

AFFTC 

ATTN:  SSD-Technical  Library 
Edwards  AFB,  FL  93523 

Commander 

U.  S.  Naval  Surface  Weapons  Center 
ATTN:  S.  J.  Jacobs/Code  240 
Technical  Library 
R.  R.  Bernecker 
H.  Addph  Code  R-10 
K.  Wagaman 

Silver  Spring,  MD  20910 

Commanding  Officer 

U.S.  Naval  Ordnance  Station 

ATTN:  E.  Walsman 

Technical  Library 
Indian  Head,  MD  20604 

Superintendant 

U.S.  Naval  Postgraduate  School 
ATTN:  Code  1424  Library 

Montecey,  CA  93940 

Commanding  Officer 
Naval  Underwater  Systems  Center 
ATTN:  Technical  Library 
Newport,  RI  02840 

Command e  r 

U.S.  Naval  Surface  Weapons  Center 
ATTN:  J.  p,  Consaga 
C .  Got zme r 

Indian  Head,  MD  20640 


Commander 

U.S.  Naval  Sea  Systems  Command 
ATTN:  NAVSEA-033 1 ,  J.  W.  Murrin 

R.  Beauregard 
National  Center,  Bldg  2 
Room  6E08 

Washington,  DC  20360 

Naval  Research  Laboratory 
Technical  Library 
Washington,  DC  20375 

John  Hopkins  University 
Applied  Physics  Laboratory 
Chemical  Propulsion  Information  Agency 
ATTN:  T.  Christian 
H.  H.  Gege 
J.  Hannum 
John  Hopkins  Road 
Laurel,  MD  20810 

NASA  Headquarters 
600  Independence  Avenue,  SW 
ATTN:  Code  JM6 ,  Technical  Library 

Washington,  DC  20546 

NASA/Lyndon  B.  Johnson  Space  Center 
ATTN:  NHS-22,  Library  Section 

Houston,  TX  77058 
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